The purpose of this study was to evaluate factors that affect initiation of early postoperative range of motion (ROM) rehabilitation and to investigate whether the postoperative ROM and clinical outcomes were affected by initiation of early ROM, immobilization and other factors. We conducted a retrospective analysis of tibial plateau fractures treated using stable internal fixation between December 2003 and June 2007. The resulting degree of flexion and Rasmussen Clinical and Radiographic Scores were evaluated. Thirty-nine patients were included, and 23 patients underwent a lateral submeniscal arthrotomy for evaluation of joint surface reduction, with 6 lateral meniscus lesions identified via arthrotomy. Three lateral collateral ligament lesions, 3 medial collateral ligament lesions and 1 anterior cruciate ligament lesion were found. Meniscus and ligament lesions significantly and negatively affected the initiation of knee joint ROM. Early ROM was achieved in 26 cases and 13 patients underwent immobilization for 4 weeks. At the final evaluation, the early ROM group had 130.42˚ ± 5.50˚ of flexion, compared with 122.92˚ ± 5.28˚ in the immobilization group. Moreover, the final Rasmussen score was 25.69 ± 2.92 in the early motion group, compared with 22.61 ± 3.5 in the immobilization group. There was no difference between radiographic scores of the groups. Although the initiation of early ROM improved the clinical results, soft tissue lesions influenced initiation of early knee joint motion. Therefore, meniscus and ligament injuries should be considered as prognostic factors in similar cases.
Introduction
Tibial plateau fractures are proximal fractures of the tibia that extend to the articular surface. These fractures constitute approximately 1.2% of all fractures and typically occur in young persons exposed to high-energy trauma, although they are also very common among elderly persons exposed to low-energy trauma [1] [2] . The mechanism of fracture is typically indirect and accompanied by axial loading, resulting in compression and angular forces that cause split or metaphyseal fractures [3] . In addition, meniscal lesions, medial and lateral collateral ligament injuries, and cruciate ligament injuries are reported with tibial plateau fractures, with rates of up to 60% [4] [5] . Vangness et al. reported that 47% of tibial plateau fractures were accompanied by meniscal injuries [6] . Meniscus injuries are seen mostly peripheral in tibial plateau fractures or sometimes seen as detachments. Diagnosis and treatment of meniscus lesions are critical because the meniscus tears can progress and result in poorer functional outcomes. Also ligament injuries are directly associated with severity of the fractures [7] [8] .
Over the previous decades, various surgical treatment methods were successfully developed, including open reduction and stable fixation [9] . Mitchell and Shepard point out precise intra-articular reduction and stable fixation of the fragments [10] , while incorrect reduction and instability can cause rapid degeneration of the articular cartilage. Similarly, other studies reported requirement for anatomic reduction and stable fixation to achieve early mobilization and determinant of functional outcomes as postoperative ROM, joint stability and pain [11] - [13] . In addition sufficient cartilage nourishment is provided with stable fixation and early ROM [11] . Volpin et al. reported that early motion might help prevent development of osteoarthritis [14] .
We aimed to evaluate factors that affecting the initiation of early knee joint ROM and to investigate how postoperative range of motion and clinic outcomes were affected by the initiation of early ROM, immobilization, and other factors.
Material and Method
We retrospectively evaluated 39 cases of tibial plateau fractures treated with open reduction and stable internal fixation between December 2003 and June 2007.
All patients were routinely examined via anterior-posterior and lateral radiography and computed tomography, and their fractures were classified according to the Schatzker system [12] . We operated on patients with clinical varus and valgus deformities and >4-mm displacement and/or depression; the surgical procedures are listed in Table 1 . If necessary, blood transfusion and electrolyte replacement were provided, and preoperative prophylactic antibiotics were used in all cases. Additionally, low-molecular-weight heparin was used prophylactically to prevent thromboembolism in the pre/postoperative period. Figures 1-6 demonstrate schatzker type 2 fracture in a 46-year-old patient treated with cannulated screws and grafting via lateral submenisceal arthrotomy.
After surgery, ice compression was applied to all patients for at least 48 hours postoperatively. Continuous Passive Motion Device (CPM) could not have been used since it was not available. The initiation of immediate knee joint ROM was intended for all patients, although 13 patients were unable to tolerate early knee joint ROM exercise during hospitalization. Therefore, we performed isotonic ankle and isometric quadriceps exercise for these 13 patients, as they could not tolerate passive or active knee flexion. For these patients, knee joint ROM exercises were performed at first control time (at fourth week after surgery) in physical therapy clinic by physiotherapists. The remaining 26 patients began an immediate knee ROM program administered by physiotherapists. On the first postoperative day, isotonic ankle exercises and isometric quadriceps exercises were performed, and passive flexion was added on the second postoperative day. Assisted isotonic knee exercises were also added on a daily basis. All patients were advised home rehabilitation program. Immobilized patients were not advised to do passive and active ROM. Only isotonic ankle and isometric quadriceps exercises were advised to these 13 patients at home. All patients received a hinged knee brace for at least 6 weeks, weight bearing was begun in the twentieth postoperative week, and we aimed to achieve full weight bearing at the fourth postoperative month.
In the follow-up period, knee flexion was examined and the patients were evaluated according to the Rasmussen Clinic and Radiographic Scoring system at the final follow-up [15] . In the final analysis, the results achieved in the early motion group with those found in the immobilized group were compared.
Statistical Analysis
Logistic regression analysis was performed to determine the factors that affected the patients' ability to begin immediate knee ROM. A simple paired t-test was used to compare the degree of knee flexion in the early ROM group at first and fourth weeks after surgery. The Mann-Whitney U test was used to compare the knee flexion and Rasmussen scores for the early ROM and immobilization groups and for evaluating the effect of each fracture type on the patients' outcomes. Differences with a p-value of <0.05 were considered statistically significant, and SPSS software (version 21, SSPS Inc. Chicago, IL) was used for all analyses.
Results
Among the 39 patients (28 men and 11 women), the mean age was 41.6 years (range, 18 -72 years). The causes of fracture included 22 traffic accidents, 11 falls from height, 2 sports injuries, 2 industrial accidents, and 2 falls from stairs. Surgery was performed after an average wait period of 3.5 days (range, 1 -13 days), and the mean duration of hospitalization was 8.5 days (range, 4 -24 days). The mean follow-up period was 2.7 years (range, 1.2 -3.6 years).
According to the Schatzker system, 5 patients (13%) had type 1 fractures, 9 (23%) had type 2 fractures, 10 (26%) had type 3 fractures, 4 (10%) had type 4 fractures, 5 (15%) had type 5 fractures, and 6 patients (15%) had type 6 fractures. Furthermore, 2 patients had type 2 open fractures according to the Gustillo-Anderson classification.
Lateral submeniscal arthrotomy was used to evaluate the articular surface for 23 patients in whom reducing the articular surface was difficult. Six lateral meniscus injuries were diagnosed as peripheral. In addition, three medial collateral ligament (MCL) injuries, three lateral collateral ligament (LCL) injuries, and one anterior cruciate ligament (ACL) rupture were diagnosed. Among these, all meniscus and LCL lesions, and one MCL lesion were repaired. Two MCL lesions and one ACL lesion were treated conservatively. Soft tissue lesions were observed in 13 cases (33%). There were 26 patients who could tolerate early motion only three of them had lateral meniscus lesions treated surgically. On the other hand there were 13 patients who could not tolerate early motion, three of them had lateral meniscus lesions treated surgically, three of them had MCL lesions (one of them was conservatively treated and the remaining was treated surgically), three LCL lesions were surgically treated and one ACL lesion was conservatively treated. Overall there were three cases with soft tissue lesion in early ROM group and ten cases in immobilized group, respectively. Based on our findings, whether the meniscus and ligament lesions, fracture type, age, or sex affected the patients' ability was evaluated to begin early ROM ( Table 2) . Only the presence of meniscus and ligament lesions significantly and negatively affected the patients' ability to initiate early movement (p = 0.002, Nagelkerke's R2 = 0.52). There was no documented hemarthrosis or application of joint aspiration in both groups.
In the early ROM group, knee flexion increased significantly between the first and fourth postoperative weeks (55.1˚ ± 9.1˚ vs. 87.5˚ ± 7.8˚, respectively; p < 0.001). At the twelfth postoperative week, knee flexion was significantly greater in the early ROM group than in the immobilization group (117.11˚ ± 6.62˚ vs. 104˚ ± 6.73˚, respectively; p < 0.001). The average time for painless full weight bearing was 16.4 (11 -20) weeks in early ROM group and 17.1 (10 -23) weeks in immobilized group, respectively. There was no difference in terms of healing time between the groups. After full healing, knee flexion in the early ROM group remained significantly greater than that in the immobilization group (130.42˚ ± 5.50˚ vs. 122.92˚ ± 5.28˚, respectively; p < 0.001). After full healing, the Rasmussen Clinical score was significantly higher in the early ROM group than in the immobilization group (25.69 ± 2.92 vs. 22.61 ± 3.5, p = 0.004). There was no difference between the Rasmussen Radiological Scores of the groups. In early ROM group 10 of 26 (38%) fractures and in immobilized group 4 of 13 (30%) were fixed only screws, respectively. The remaining fractures were fixed with plates and screws. There was no difference between the groups in terms of fixation methods.
Early stage superficial wound infections were observed in two patients. These infections were treated with dressing and antibiotics. Deep vein thrombosis was observed in two patients (including 1 case of pulmonary thromboembolism), both of these patients were successfully treated. In addition, one case of genu varum deformity with a Schatzker type 4 fracture was encountered, and for this patient, a proximal tibial osteotomy was planned after full healing. Pseudarthrosis was not observed in our study and also peroneal nerve lesions, popliteal artery injury, compartment syndrome were not observed.
Discussion
When treating tibial plateau fractures, the optimal surgical outcome is a stable and painless knee joint with full range of motion [1] [7] [16] . However, the severity of soft tissue injury directly correlates with the energy absorbed during the injury [17] . Furthermore, Schatzker type 2 and type 4 tibial plateau fractures are frequently associated with meniscal and ligament injuries [18] . Although ligament repair can prevent instability of the tibial plateau fracture [19] [20] , acute repair of the ACL remains controversial [16] [21] . In our study, LCL injuries and one MCL injury were surgically repaired, while the ACL injury was treated conservatively. Kohut et al. reported that cartilage, meniscus, ligaments lesions and additionally post operative articular incongruity, axial abnormality and instability influenced the functional scores negatively [22] .
Interestingly, varying prevalence (13% -55%) is reported for meniscal lesions among cases of tibia plateau fracture [7] [23] [24] . Forman et al. used plain radiography, computed tomography, and submeniscal arthrotomy to evaluate patients with tibial plateau fractures, and reported that 55% of their cases involved meniscal lesions, and these authors also suggested that the depression amount was a predictor of meniscus lesions and with treatment of meniscus lesions, the outcomes would be similar to the others without meniscus injury [7] . Holt et al. reported that 47% of tibial plateau fracture cases included meniscus lesions [25] . They recommended MRI for planning treatment, as MRI more accurately diagnoses soft tissue injury and quantifies displacement and depression. Gardner et al. used MRI and found that the prevalence of soft tissue injuries was higher than that reported previously [26] . They also reported that Schatzker type 3 fractures were rare, as split components accompanied most cases. In this study, 6 (15%) meniscus lesions were repaired, which we evaluated via lateral submeniscal arthrotomy; ACL lesions were evaluated via direct visualization, while MCL and LCL lesions were evaluated by stress tests and/or direct visualization. However, MRI or arthroscopic assisted surgery was not used in the present study. Therefore, the rates of ligament and meniscal injuries may be relatively low in our study, compared to those previously reported. Moreover, our study only included patients who underwent open reduction and stable fixation, and more seriously injured patients (e.g., those requiring external fixation) were excluded. Furthermore, we could not report outcome for the meniscal lesions that were conservatively treated, as we did not examine the patients by MRI, and only did lateral submeniscal arthrotomy for the 23 patients.
Arthroscopic-assisted surgical procedures were widely used previously, as they facilitate easier diagnosis of intra-articular lesions [16] . In addition, arthroscopic-assisted techniques are minimally invasive and have a low morbidity risk [6] [16] [27] . To diagnose soft tissue injuries, MRI and arthroscopic assisted techniques are indeed useful. However, we could not use MRI and arthroscopy because of extra costs and availability issues. In addition, in cases with excessive edema around the soft tissues, MRI can provide inaccurate findings. Arthroscopy-assisted fixation has only been used effectively in simple fractures [27] and increases the operation time.
Surely, a stable knee is essential for the postoperative immediate motion, restoration of former knee function and reducing risk of secondary osteoarthritis in long term [9] . Many authors reported the advantage of early knee joint ROM after surgical treatment of tibial plateau fracture [1] - [3] [7]- [9] [11]- [25] . At postoperative first day, passive motion to 30˚ flexion is suggested and than it can be increased as tolerated. Active and active-assisted range of motion program should be added to the physical therapy afterwards. Via immediate postoperative ROM, 90˚ knee flexion is expected at first week and 120˚ flexion at first month, respectively. It is a fact that weight-bearing time depends on fracture healing and generally partial weight bearing begins at 8 -12 weeks, full weight bearing is recommended between 12 -16 weeks after surgery or generally after 16th week [28] [29] . This is a retrospective study and we evaluated the angular measurements and soft tissue pathologies from the hospital records. There may be another reasons for the patient's tolerability of immediate ROM, for example psychological status, painful bruise, etc. But interestingly the rate of soft tissue lesion existence was found by 77% (10/13) in immobilized group and 12% (3/26) in early motion group, respectively. Thus logistic regression analyses were done and soft tissue lesions were found that they affected the initiation of immediate ROM. Additionally these two groups had similar Rasmussen Radiographic scores at the final control.
There is a consensus that treatment of these soft tissue pathologies is needed to obtain a stable knee joint, achieve good functional results, and prevent development of osteoarthritis [9] . However, in this study, the mean follow-up time was 2.7 years (range, 1.2 -3.6 years), therefore, development of osteoarthritis could not have been monitored.
In this study, we applied grafting to 18 patients (46%), including 7 who received iliac crest autografts and 11 who received allografts. The purpose of grafting depressed fractures is to provide good consolidation [12] [30] .
Contracture of the knee is a major complication of surgical treatment for tibial plateau fracture, and early motion has been recommended to prevent contracture [19] [31] . However, reduction loss, implant insufficiency, and soft tissue impairment should also be considered.
Postoperative infection is an important complication occurring in 1% -8% of all treated cases of tibial plateau fractures [32] . Early stage infection was observed in 2 patients, although these patients responded well to antibiotic treatment. In addition, deep vein thrombosis is the most common complication in cases of tibial plateau fractures [19] [33] . Although symptomatic deep vein thrombosis was observed in 2 patients (including 1 case of pulmonary thromboembolism), both patients were successfully treated. In addition, 1 case of genu varum deformity with a Schatzker type 4 fracture was encountered, and a proximal tibial osteotomy was planned after full healing. Delayed union, nonunion and pseudarthrosis were not observed in the present study. Moore et al. reported 3 peroneal nerve injuries in their series of 320 patients [32] , peroneal nerve lesion, popliteal artery injury and compartment syndrome were not observed in this study.
Conclusion
Although there is no consensus regarding the appropriate diagnostic methods for soft tissue lesions, our results indicate that soft tissue lesions affect patients' ability to initiate immediate knee joint ROM, and this can subsequently affect their clinical outcomes. Therefore, stable fixation of fracture should be attempted in these cases, and meniscus and ligament injuries should be considered as prognostic factors.
